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(The Oceanographic lnstitute of Nhatrang, Viet-Nam) 
Cladocera of Phyllopoda is very common and widely distributed in 
the fresh water, such as lakes, ponds, swamps and evèn lakes of high 
mounl::ains and it is found that the waters have many species Cladocera, 
much more tham Copepoda. In Viet-Nam also, many kind of specie'§ of 
Cladocern were found by . Shi rota ( 1 963, l 966a). 
Sin ce old time, Cladocera in nature have be en known one of the 
good feed for larval stage of fish. 
In Japan. Cladoœra and some Rotifera ; they are generally caHed 
<< Mijinko ll, This «Mijinko 11 had bëen cultured about 200 years ago, and 
thé culture method has been described by Y oshiyuki Adachi (17 48). And 
also M.Suzuki (J 812) designed the culture method of ((Mijinko», and then 
it was spread (see K. F ujita, 1932). 
T oday, the studîes of anificial food for foh have been devèÎoped, 
and it have made the artificial mixing food (Hara, 1928. Titcomb, Î 
Hata, 1933, 1935., Sirnmons, 1941.,McLaren, 1947, Tomiyamat 1940, 
1948., Phillip, 1948., \VolL 1951, 1952., Eguchi, etc., !953., Ooochi, 
1954., Hashimoto, 1953, 1956., Zobairi, 1956., Sniesko, 195 'Kai, etc., 
1957 ., Tunison, 1942, 1944, 1959)0 
But, these are not so weH compared with natural Oiving) food, even 
if mixing with vitam in and antibiotic. T. Kariya ( 19 57) reported that the 
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efficîency for the young of fish by natmal food is better by 
artîficial food, and the total growth weight of fish was 10 times 
that the artificial food. Composition food 
frorn case1n, V1lhite fish meal, corn, povvder 9 
milk, oiL dry mysidae, dry yeast and riœ. 
On bait for larvae of fishes, A.Shirota (1959) concluded as 
as conditions of the most favorable food ; 1) small food such as 
food' s diarneter which is fixed for the mou th of the fish 40 to 1 
nutritions food, 3) digest weH for ~he fish larvae, . ;i rl . movmg anu r oa tl '1g 
< l . iooa or suspenslon~ it can easily get much quantity, the cost is cheaper 
Efnd economical, and utilization the unavailable resources. 
ts as mentioned above, were the experiment 
dorsalis 
were prepared 
as 
experimentai group, and 
then, he observed every day 
average weight the gold-fish and the 
Chironomus larva and 
food for the larval stage of fishes, 
culture of naturnl food is only tried so by very fe"Vv 
it seems that a lot of experiments were conducted by small flask 
and these mass culture were very few, and moreover we have 
tome problems mass culture. 
in Viet-Nam, the study of culture hasn 't been done. 
Authors picked out a Mo in a af finis) of Cladocera from the 
point of view as mentioned above tbat lt is the good bait and has the 
importance beyond comparison with Copepoda for the larvae of fish in 
fresh vvaters. 
Thi.s report has induded distribution and species of Cladocera in the 
fresh water of South Viet~Nam, Life history of Moina affinis, Culture of 
!Ho in a aff inis and the :mass culture do ne at the Oceanographic lnstitute of 
.f'-Jhatrnng, Viet-Nam, and has piled up some knowledges had been studied 
by scholars in the world. 
it is hoped that the excellent ski!! will contribute to standard 
-srndies and the fresh water fi::hery of Viet-Nam. 
Thanks are due to Hoang~quoc-T ruong, Prof essor of Zoology 
Saigon University for his support, and we also express gratitude 
to NguyenpHai~ of the Nhatrnng 
who has heely given us assistance and encourag~ment m this projecL 
aîso to ali staff the Institute who were m helping us m 
many ways. 
I. THE DISTRIBUTION SPECIES 
THE FRESH WATER OF SOUTH 
A .Shirota 0 966a) had researched on the distribution of Cleidocera 
at the main stations of South Viet-Nam (Table 0, and lie 50 
species (Table 2)~ 
F rom the Table I, we wiH be recognized, Cfodocera indudfl:, 
Region 
Rach-Gia Cholon Da-Lat 
Family Phu-Quoc Saigon Da-Nhim Ca-Mau )Thu-Duc (Don· 
Can~Tho \Bien-Hoa Duong) 
iPhan. Thiet 
------- ------- ----
Daphnidae c c cc c 
Jsididae c c c c 
Bosminidae c c c c c 
Chydoridae 1 cc c cc c c 
Macrothricidae c· c c c c 
---~--
Table J, The distribution of Cladocern in the fresh water of South 
Viet-Nam (by A-Shirota, l 966a). C shows common, CC shows frequent. 
Sididae, Bosrninidae, Chydoridaet Macroihricidac appèar everywhere, and 
it shows common and widely distribution in the fresh watliilr of South Viet~ 
Nam. fo this country, as many ail 50 species were found of Cladocera, 
while of Copepoda only 30 species were found. 
h is found in forge quan.tity in such alpine lakes as those at Da~Lat 
( 1300 m. above the sea level), but more varietis and Iarger quantity of it 
can be found in lakes and ponds on lowlands. 
SP CIES 
Alona aff mis ( Leydig) 
"' costata Sars 
" karau King 
a; monacantha Sars 
'( rectangula Sars 
Alone!la dadayi Birge 
« dentifern Sars 
<i~ diaphana 
globulosa Daday 
Bosrnina fongirostris (Muller) 
« .var. brevicornis 
var. comuta 
" coregoni Baird 
Bosminopsis deitersi Richard 
Camptocercus rectirostris Schodler 
Ceriodaphnia lacustris Birge 
a megalops Sars 
<1 quadrangula (Muller) 
rigaudi 
barroise 
01 gibbus ljieborg 
"' sphaericus (Muller) 
rnacrops 
catawba Coker 
!ongispina 
pulex Leydig 
sosea Sars 
brachyun1m (Lieven) 
occid.en ta lis Sars 
brazzai Richard 
j" • • f'7 ) iwatiss1ma u~urz 
setif era (Muller) 
· fa.ticornis (]mine) 
rnsea 
"f· • s· 
. atnms nge 
" brnchiata (Ju:rine) 
" macrocopa Straus 
a: rectirostris (Leydig) 
Moinodaphnia madeayii Herrick 
Üphryoxus gracilis Sars 
ÜxgureBa l :mgicaudis (Birge) 
Pleuroxus denticulatus Birge 
" hamulatus Birge 
"' stria tus Schodler 
Polyphemus pediculus (Linne) 
Pseudosida bidentata Herrick 
Scapholeberis Kingi Sars 
Sida crystaHina (Muller) 
halus vetulus 
OA 
5 
0.3-0.4 
OA 
0.4 
OA5 
35 
3-0.5 
03 
LO·LS 
8-1.5 
1.3-2.3 
L2-L6 
0.5 9 
l 
0.9 
0.6 
2.0·~3.0 
0.5-0.7 
o.7 
8- ~. J 
L5 
L8 
L0-2.0 
l.0 
2.0 
0.5·0.6 
0.5-0.6 
0.6 
0.8 
1. 5 
1.8-2.0 
0.8-LO 
3.0-4,0 
3.0 
7 
4 
2 transparent 
2 yellow to brown, opaque 
5 yellowebrown 
0.4 transparent 
yellow~brown 
0.25 
yellow-transparent 
yellow, transparent 
transp. to pinkish, opaque 
0 shad~s of red, yeHow 
0.4 
0.7 
Li 
8 
4 
0.7 
0.5 
4 
L5 
0.3-0A 
4 
.6 
LO 
0.35 
0.6 
0.8 
0.9 
0.5 
l .5-2.0 
LO 
brown-yel!ow 
yeHowish to 
light yellow to darkbrown 
dark bwwn 
11 . ·1 ye .. owisn-transparent 
dark brown-yellov,r 
reddish-brown 
yeHowish, trnnsparent 
yellow, not transparent 
grayish-.white or yellowish 
tran. to ruddy tinge 
colourless, bluish cast 
greenish, not transparent 
not very tra. y-ish, gr.ish 
colourless, with bluishcast 
yellowish, trnnsparen t 
transparent, 
trans., gr-or y-îsh 
horn-yellow, dark 011 si de 
dark, opaque on dorsal 
yellowish, semi-transparent 
yellow- hyaline 
Table 2 : The main species of Cladocera which are found in the fresh water of 
S01.~th Viet-Nam (by . Shiota, 1966 a), 
IL THE IFE F 
1, 
The eggs are deposited in the cavity bounded by the dorsal part of 
the valves and the upper side of the body - the brood chamber. The eggs 
Cladocera (Moina affinis) are distinguished into 3 types as follows, 
Fe.male egg (Summer egg) . , . F emalés of Moina affinis belong to 
heterogony, comparatively, during the favorable environrnental condition, 
spa'l/IJn, h is due to the haploid parthenogenesis, and such eggs, we 
« F emale eggs )) . And the all eggs into females. As only the fost meiosis. 
without being second meiosis, the chromosome is 2n. And one female egg 
is made by 4 cells of ovarium (ovary). h:i. size 94-94.5 fl,, 
Male egg, .. Chromosome is haH numbeni 
and has thin membrane. Male egg:s of 
animais, appear several times in the year. 
and size is smaH 
belong to Polycydic 
Resfing egg (Winter egg) •. , When the environment became unfovo~ 
rable, such as a sudden decrease in the amount of food or the tempernnue 
decrease, resting egg is made, The chromosome is haH (n). Egg is big 
(0,5 - 0.65 mm}, and has covered the hard and strong chitin membrane 
(see fig. l ), h is only one resting egg that was made by whole celb of 
one ovariole fovarian tube). 
l 
.J c 
FIG, 1. Eggs of Moina ajji1ds 
L. Female egg, 94-94.5 p 
2, Male egg, 60-80 µ 
3.,. Resting egg, 500-650 10 
14 
Development (from egg to hatclling) 
observed eggs in a brood chamber being 
p:uthenegenesis hatch after 20 to 25 hours. This observation as 
have eggs Namely, we chose the at rnndom, 
or farvae in brood chamber, and each one of in each 
glass bottle of capacity 1 OO mL. the bottles, as food, Scènedesmus 
previously prepared by pure culture (Le-thi-Ngoc-Anh and 
Shirota, 1 a). And then we obserV'ed in process of the development 
under the microscope from morning 8: OO tiH ahemoon 6 : OO, it v-.ras 
repeated several timës, therefore the Table 3 shows the average time of 
development from egg to hatching. 
2 
3 
4 
5 
6 
8 
9 
10 
2 ( l ~ l 2) and Table 3 show the features and development 
egg to hatching in process time. Egg' s diameter rn 
5 
110 
126 
250 
275 
314- 330 
345 - 350 
Development 
time from egg 
0 : 30 - l : OO 
l : 30 
3 : 30 
5: 30., 6: OO 
8: 30 
9 : 
9: 30 - J 0 : 
i 1 : OO 
l 2 : OO - 1 3 : OO 
15 : OO 
AN N 0 T.A TI 0 
Egg membrane is fost ? 
h have the original cells of eye, 
and 2nd antenna. 
h have lst anten:rm and 
intestinal duct. 
Compmmd eye is rathe:r dear, 
t2 420 - 440 1 9 : OO - 21 : OO Everything (organs) are 
composed. 
430" 470 20 : OO - 23 : OO Hatching. 
Table ~L The development time and length from egg to hatching, 
at 2-1 - 2() oC. 
, i. < Ess > 
3. 
94 e 94 o5 _.P 
157p. 
( 
D.V. 
275/t 
:u. 
D.V. 
ù D~V. 
200/' 
D .V. 
ILV. 
D.V. 
270 )A 
D.V. 
314 = 330)-l 
L.V. 
Fig. 2, Sketches show the features of development, from egg to nearly 
hatching. D.V. is Dorsal vie\V, LV. is Lateral view. 
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h Îmmediately began to develop, but m hours, it is seemed that egg 
:membrane is losL And after 9 homs, s1ze 270 µ, Moina have 
original cells of eye ? and Znd. antenna, at 12~ 13 hrs,, have lst antenna 
intestinal m 1 5 , compound eye is rather dear, in . , 
length 420~440ri, we can see that it is composed everything ; heart move, 
lst and 2nd antennas perfected9 compound eye sometirnes move (but, a 
füde differ from adul and then aher 20-23 or 25 lus, from egg, body 
length 430~470 JL, the form of Molna affinis is completed, it is hatched 
pass through the spawning duct. The hatched larva at . once, swim out. 
The body length of larva, in this time, thè hatched larva suddenly enlarge, 
trhe body leng,h grows 500~530 ff;, 
îrom 11atching to 
The hatched larvae grow with taking the food. become adult 
rninimum, the body length is about 7 5 aher 30-35 hours, 
The featmes from hatching to adult showed ig, 3 and 
under 0.65 mm, haven't eggs. But. 0, 
7 5 mm. have eggs. 
The das5ification of Cladocera is as diHicuh as Copepoda, 
to 1he change of its brought about by the environments, which is 
ezpecm1 co11spicuoi.Vi with Daphnia 'and lvloina, Though, Moina affinis 
trea wi th in this report, they are not so difficu!t for identifi-
Î t is much like A1oina reciirosiis hom which ~he young females are 
distinguishable, 
5 shows the fo:rms of female and male Molna affinis, and 
frntures are important in Cladocerà taxonomy. 
The mal,,s are ~@aller than the females. Although males have similar 
form of females, they are eas1ly distinguished by larges antennules (see Fig. 5). 
Head extended or liale depressed : deep ceivical and supraocular 
depressions. Postabdomen with long projection and 8 to 10 postanal spines 
and bident. Antennules of male with sense-hair near base, Antennules of 
male broad, fringed with fine lnirs on inner margin, 4 to 6 hooks at end. 
Valves stria.te Colourless, or with bluish cast. Body Iength, female 0.8 to 
1. l mm and male 0.3 to 0.6 mm. 
1. ~ 
Fig. 5. Lateral views of female and male Mina 
1. Head 2. Compound eye 3. First antenna 4!. Second antenna 5. Abdo-
minal setae 6. Swirnming bristle 7. PostabdominaJ claw 8. Rost:mm 
9. labrum 10. Postabdomen 11. Hepatic cecum 12. Fornix 13. Mandlibfo 
14. Heart 15. Intestine 16. Brood chamber 17. Egg 18. Spawning duct 
19. Thoracic kg 1 20. JLeg 2 21, Leg 3 22. Leg 4 23. Leg 5 24. Anus 
25. Anal spines 26. Apex of postabdomen. 
Ecological observation 
1) Growth 
Fig. 6 shows the growth curve of Moina affinis~ indude hom egg W 
hatching. This figure was obtained by the experimental method as mentioned 
above (1 l, 1. 2). 
The figure shows that eggs hatch within 20 - 23 or 25 hours? the body 
length 0.43 d 0.47 mm and in 53 ~ 55 hrs., a Moina affinis for the fost 
time sit on brood. And in 80 p 83 hirs .• body length about 0.85 mm, the 
Moina fost spawn. And then~ the Moina a/finis gradually continue the 
growth till die (iljbout l 0 day::i from hatching). 
-
0 ro 
s "' .. 8 rl 0 
-
time, spawnmg and casting off are repeated 
ordinary circumstances most of its kinds increase by 
among females, ovoviviparity it :multiplies rapidly, 'Nhich ma.kes it · 
in point of productivity. in the unfavorable condition the 
of male eggs apear, and spawn resting eggs ( winter 
by sexual reproduction. F emale eggs remain till Nauplius stage in the brood 
chamber of aduh Moina and then they hatch, but resting egg is spawned 
only one from one f•vf oina affinis and it is wrapped up in the hard 
ephippium. 
2) Spawning and generation 
W e confirmed that the spawnmg time of Molna af finis for one 
generntion is 5 to 6, the maximum is 7, and thè more spawning urne is 
increase, the more average passed time frorn former spawning is increase, 
the average individual numbers of hatched larvae are 5 to 10, the maximum 
12, m one spawning time, Bisides, in the beginning and the last time, 
th.2 average individual numbers of hatched larvae are decrese (Table 
Passed time 
from 
hatching (hrs.) 
Average passell time 1 Average numbers 
from former of 
times 
2 
3 
4 
5 
6 
7 
58 - 66 
88 - 93 
118 - 121 
148 - 154 
l 86 • 188 
221 ~ 223 
255 - 262 
numhers of 
spawning (hrs.) 
28.5 
29 
3L5 
36 
35 
37 
Therefore, hom Table lt · l be conduded 
spawn about 50 
the maximum 13 days or 2 weeks. 
the life 
hB.t.ched larvae 
6 
5 
7 
10 
3 
8 
6 
one generntion 
fs lS 
22 
Habitat 
The ïs particularly found most commonly in 
, though the Cladocern indude are found in aH sorts 
w::Hers in 
than nvers 
lakes and ponds contain a 
(see A. Shirota 1966 a), 
larger number 
And affinis feeding on Chlorophyta and the similar orgamsms, 
particles, but, 1t seems that they have not 1:he character of 
selection for the feed. According to our observation under the microscope, 
it ·was found that affinis, body length over 0.4 mm take many 
p1nticles indude in~organic matters~ such as under 40 f-L (diameter 1Os15 
the culture of 
The n1ethods of Cladocera are rnany and it have been 
m2rny in the world, this some culture methods 
Cladocera be introduced as follows. 
(l) 
(2) 
(3) 
. . . I t v-rns planed out This 
in every counny and everywhere such as laboratories 
bec'luse it is the rnost simple method and very easy. 
Garden mud , ... , , ..... 
horse d!ung. , , , . 
2 pound 
6 ounce 
l 2. 5 gallon Pond water . , . . . 
Keep a 1 oays 
And then, Cladocern 
solution 
Cattle, goat, and shcep dung, xice ban compost, even drags of 
Nuoc. - Mam (soy of Viet - Nam) can be used instead of the dry horse 
-dung. 
Therefore, it is big such as 
the '-'A<C<U'''-'-" 
is better than 
( 1) 
Î 
Bread 
When it 1s (2) solution (1 ), every 5 
rimed out water 
(1) cultm:ed the m: 
medium, 
(0 
Boiling 
(3) 
1 
i 
And, viscern of R rat tadpoles are In 
Ito The method of following is by T, 
( 1) 
the coUon fablîc bag, cattle dung hen' s 
droppings are ente:red and it is shake m water 
for Cladocera culture, till the colour water is 
turned ~ight 
(2) Keep a few day, 
sun 
And then, Ciadocew 
.. , The method 
The 'Water which the fish rn rearmg, for a long 
exchange the water, water 
to green colom by the prnpagatwn 
Chlorophyta, 
And then, C!adocera 
m l 
(f) Lem.Jes juice method . . . This method was planed out by 
M1lltsudairn. (1943). The leaves juice which the foaves, such as claver. 
ieuuce, leaves of rndish and cabbage etc. were grinded down into smaH 
pieces. is added in the water of culture. And then, Cladocèra are put in. 
Tb~ methvd will be shown as follows. 
(l) 
(3) 
\Vater ....... , .......... l 0 L 
The leaves which were grinded down into small 
p1eces, ..... , ... , ..... Clover leaves of one 
handfu] 
(2) 
(3) 
Keep a f ew days 
of Scene.desmus 
And then, Cladocera 
For the expenrnen'i: at 
(1) . (3) is used. 
) weight , .. 
20 cc m ( ·1 
"' 
the 
at 
g 
ml 
tI1at 
-
8. 
time, 
as 
\V arning on the culture by Hiyama ( 1939). 
(D h must be chose good spec1es of C!adocera, such as lvloina or 
plmia fo:r f ish as food. 
(2) h must be found good food for Cladocera. 
(3) Temperatu:re is higher and Light is St.ronger, at that t1me, the 
growth of Cladocera is better. 
(4) h must be picked out which animaîs such as Ostracoda check the 
growth of Cladocera, because the y f eeding on the sa me food 
they have the same life's condition. 
26 
met!wd . . , h seems that 
cuhured Cladocera purely. 
Treillard (1 
(1) Sterilize of one Daphnia magna 
which has some 
(Z) The Daphinia move 
1 - Eggs are hatched, 
+ --- Excretion and ecdysis skin are 
removed. 
One Daplmfa is passed through into 
(3) water that include much oxygen 
( 1 0 limes more than common water) 
1 - At that time. aduh die. 
+ - Only ianae are living. 
And then, Daphnia magna are cultured 
( 4) using uni cellular algae 
which is increased by pure culture 
( l) Treillard melhod (2) , , . This is a pure culture. 
(l ) 
1 ,% Gluco$e . , , . . • , . . . . 
Blood of rnbbît which are 
washed by citric acid . 
(2) And then, Cladocera 1 
10 ml 
1 drop 
(j) C.A, Stuart, M.Mc Pherson and H.J. Cooper (1931) had done 
the cultme of Moina macrocopa using 11 species of bacteria. Consequer1dy, 
they confirmed that when some species of bacteria were used, for the culture 
of: Molna, increased and the generation of Moina repeat several times. But, 
they :reported that bacteria such Bacillus subtilis as which make a spore, 
1s injurious to grow of Molna, and growth and reproduction are stopped. 
(k) S.S. Gellis ( l 935) i·eported that when it was used the medrnm 
indude a litt le Glucose and Pepton, Cladocera hasn' t mohed. 
Rodin a 
Stuart, etc. 
and 
l) S.S. Gellis and 
E. van Heyningen (i 
(l ). 
1reported that 
grnwth of some pecies of fresh water Cladocera 'Was controled, when they 
are cuhmed in the medium which indude the col!oidal organic malter and 
after the colloid was consumed. 
(m) H.E. van Heyningen (1954) reported that the growth efficiency of 
Dapfrmia is lower than that of living food, when was given boiled phyto~ 
pLankton for the Daphnia. And, wben boiled phyto-plankton îs acted upon 
bacteri'i, the value as food is remarkably decreased. 
E, F. Manuilova ( 1958) observed that when used the bactèria 
of 43 X 104 -- 120 X 104 number/ml as food, growth of 
longispinc, Simocephalus vctulus and Sida crystallirw are goodl and inc-
reased, but under 40 >< 104 n/ml of bacteria, they die within 2. ~4 days. 
2) On the grov,rth of Cladocera 
S. 
L Wood and 
Banta, L 
high concentration 
concentrntion, 
food 1s 
(1937), 
lngle (l 939). 
Pratt \1 Frn 1952), B. Slobodkin and 
956 expressed that the grnup size of Daphnia has dosely 
(!938), J. Gree;, (!954) and S. Richman (1958) 
pnin1ted out, of hatched larvae of Daphnia are aHected by 
the quant!ty of food, and also the numbers of hatched larvae which bomed 
hom one fc:male of one generation, straightly increase with the 
amount of food X 3 \coefficient), 
LB. Slobodkin ( l 954, 1959) repo,ted that the relation between 
the average group size cf Daphnia which was cuhmed for a few months 
and the concentration of food is straighL 
3} On the digestion of Cladocera 
(s) Using the radioactive phosphate, the digestion rate of fresh water' s 
Cladocera was measured by M.F. Cohn ( l 958 ), And it was obtained, 
~ - 25 '\;, 
ichman ( 1958) pointed out the concentranon cf food has 
influenced 'Gpon the digestion rate of t.dult phnia, and he ah,o pointed 
out the digestion rate concenîrdil:Ïon of 25 >< 10 3 
cells/ ml is 31 ;!~ and in 1 OO X l ()/ 0' 
Though we think that when the food is a füde in the ab:iolute quan~ 
tity, the food is perfectly digested, the growth eHiciency is decreased, Because, 
when the food is very l ittle, the energy w hi ch are consumed by feeding 
activity is much more than the energy are obtained by the supply of food, 
Therefore, it seems that in a certain concentration of food, growth 
and spawning are stoppeél, and it reach a balanced condition which the 
energy is necessitated oniy the maintenance of metabolism of Daphnia, 
4) On the income and outgo of energy of Daplmia 
S, Richman (1958) observed that the energy of food had taken by 
Cladocern (Daplmia) using Chlamydomonas as food is, how to allot at the 
ra te of life, growth and excretion ? 
On the fondamental concept of experiments, see V. I vlev (1939, 
945), L Lindeman (1942) and W.E. Ricker 0 946), 
Table 5 shows the result of S. Richman's experimenL The table 
shows the forms of energy change are different from the food concentration, 
food Energy Energy Energy En erg-y Assimi- Ene:rgy Energy . ' 
conc. con- of of respi- of Diges- lation con- assrnn.. 
(ceBs/ smned growth rot ion tion sumed as as grovrth grmNth 
ml/day) (cal) (cal) (cal) (cal) (;y~) C'r;) (%) 
~-·~ 
25000 0.469 0.062 o.oso 0,357 23.BB 13.22 55.36 
50000 0.582 0.053 0.039 0.490 l 5.81 9. 11 57.6! 
75000 1.388 0.066 0-050 1.272 8.36 4.76 56.90 
100000 1.910 0.074 0.052 1.784 6.60 3.87 58.64 
Pre-aduit after füst six 
food Energy Energy En erg-y Energy As si mi- Energy .Energy co·n-
conc. con- of of respi- of Diges- lation sumed as (cens; sumed growth ration tion as grov7th 
ml/day) (cal) (cal) (cal) (cal) (%) (%) 
~= ~~-~ -~--=--"""'"-="' ..,,=--=-~~-.--=ra"""" 
25000 5.671 l L25 
50000 13. 902 o. 
75000 19.35 0.970 57 
100000 27.328 1.032 0 43 
B. AduH aHer oys 
Table 5. Energy budget of Daphnia pnlex at four concentration:; of 
Chlamydomonas (by S. Richman, 1958). 
H it has much food1 energy has been taken by the 
1s mu.ch. Ene:rgy of growth is much the same in 4 kinds of food concen-
t.rntion" and also calories consumed by the respiration are nearly the same. 
And if the amount of food consumption is increased. the energy consumed 
is increased and the assimilation is decreased from 23. to 
Growth eHiciency is expressed gross efficiency and net eHiciency. 
Gross eHiciency is the proportion of protoplasm which was composed to 
the energy which was taken from food. Net efficiency is the proportion of 
protoplasn1 which was made to the energy which was digested. 
H food concentration increase, gross efficiency decrease from l 3.22Jô 
to 3. , but net efficiency is constant without the food concentration. 
b aduh, if food concentration is high, the energy of growth is increase, 
pre-adult as consurned energy is increase, and assimilation is 
that time, adult Daphnia not have larvae in the brood chamber 
yet, therefore the energy is not induded, and when growth is gross 
efficiency and net efficiency are very small. Namely, for 6 days from 
ching, 50 ~ 59% energy of digestion is med for the gro•.vth. But, 
Efe, a part only of it, is consumed for the growth. For instance, after 
days, though - 73% of total energy of digestion is used foll' the growth 
and the reproduction, the greater part of the energy (95 ~ is used for 
ttv:: g·rnwth. 
5) O:n the excretion and the reproduction 
With the progress of studies on the feeding intake mechanism of 
nutrient sait. excrements or secretions which are evacuated in water frnm 
v~nous organs of zoo~plankton had been cleared that are great useful for 
the production in water. 
(v) M.H. Foreman (l 953) found that Daphnia 1osea in HaU lake, 
when the concentration of 1 OO numbe:rs per i L. at 15 °C, they excrete or 
secrete the phosphate phosphoms of 0.002 mg/L/day, and this qmmtity rn 
highex than the concentration of summer's surface water in the iake. 
(w) S. Richman (1958) reported that when the quanÜty of food intake 
1s nrn1ch, the amount of COs which feeding animais outgo, is high. 
(x) LM. Sushtchenia (1958) pointed out when zoo-plankton co=exist 
the algae, the photosynthesis of algae is increas~d" 
it $eems urge 
water, and these mstter influence upon 
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Fig. 7. The culture method of Moina affinis. 
The Scenedesmus which passed about 20 days or one month 
hom set was prepared. Each concentration of such as 50, 
200, 400 and 600 ml X 10 4 cel!s/mfï was concentrnted by 
centrifuge, and it was added m each bottle (capacity 200 ml) 
distilled water l OO mL And th en, only one female af finis is 
put in these waters. 
And some others were used for the control to be compared 
culture medium mernioned above, 
••• As the control for the growth of Moina, only 
\ll/ater was used. 
Natura! fresh water , , . The waler which was kept about 3 months 
in the i r.n 3 wooden box at the natural condition (garden in the 
Oceanogrnphic Institute of Nhatrang was also used for the contrnL 
Bi; the experimen 1. the water temperature under one fi uorescent 
lamp (about l 500 lux) was 24 ~ 26 °C 
concentration a 
l\lloina affinis. 
Table 6 and fig. 8 show the growrh curve of Moina offinis in 
each conce~tration of Scenedesmus dimorphus. The numbers in the table 
are shov1n per liter. 
-::· The ce!L o/ increesing phase of Scenedesmus are nol well digesfed com-
pare with the cells of ofler ll1e moximizm 2 or 3 weeks, therefo·e, the 
old cells of Sccnedesmzzs were used for the cnllure of Moina affinis. 
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Fig. 8. Thè g:rowth curve of llfoina afjinis 
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Ti.me 
C:ont:rol food concentration of Mo in a af finis 
D.W. Natural 3 X 106 6 >< 106 
! 
fresh W. 12 X 106 24 >< 106 
1 36 X 106 
--~- --~-
2 die 20 50 60 70 70 50 
4 20 80 230 300 360 
6 70 300 700 780 990 1350 
9 l 70 660 1320 2250 2750 2900 
11 630 700 2090 3160 3500 4550 
13 370 2230 
15 330 175 1540 3380 
7 360 360 730 2110 JO 
19 440 300 520 1650 3600 2850 
Table 6. The growth number per 1 liter of Moina ajfinis in each 
concentration. Unclerline shovvs the maximum numbcr. 
F rom this table and figure, Vie be recognized that the number 
individuals of Molna. per one foer. When the food (Scenedesm.us 
concennat1on 1s 3 )( 1 /L, it reach themaximum in 9 to 11 
days, the maximum number i~' N/L And in food concentration of 6 i 0 6 
N/L it reach the maximum (2230 in 11 to 13 days ; in ihe food 
concentration of 12 )( 106 N/L, it rea.ch the maximum (4640 in 13 
days; in 24 )( 106 , it reach the m2,ximum (6500 N/L) in 14 to 16 days; 
and also in the food concentration 36 X 106 , Molna affinis reach the 
maximum in 14 to l 6 days, the number is 8560 N/L 
Therefore, it may be conduded that the more the food concentration for 
lvfoina ajfinis is high, the more the maximum number of ll/oina of finis 
is high and the tirne which are reached it, is delay. 
Relationship between the food concentration and the maximum 
individual numbers of Moina affinis showed Fig. 9. 
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Fig 91. Relationsbip between the food (Scenedesmus dimorphus) 
concentration and the maximum individual numbers 
of Jllloina ajfinis. 
Frnm this figure, we will confirm that the curve of the ma:~omum 
number of Moina af finis at each food ( Scenedesmus dimorplwB) 
concen~ration is increase even if more the concentration of 36 X i 0 6 
N/L Though we don't have the plot, it will be presumed that this cmve 
is reached the level of Moina affinis from l l 000 w 12000 N/L, and that 
food concentration will be to 70 = 90 X 106 • 
Moina a/finis on the ton box 
As we know, not only Moina affinis but also the most spècies of 
Cladocera are :suitable food for the larvae of fish than fresh 
Copepoda. In the experiment as mentioned above, we obtained 8.6 numbern 
of Moina af f infs per cc. which are seemed considerably high density 
compared with the previous knowledges. 
are the small expenrnents on the table at the laboratory repre-
senta\l:ive of the big spaces culture ? The question was very interesting for 
us, because the results have influence upon the applied experiments. 
The experiment had been tried under the conditions as follows. 
·~) \Va ter volume . . . • 800 liters. 
2) Water temperature, during the expenment . 25 °C -t 1 °C 
3) Light condition . . . . . . . . 4 fluorescent lamps (40 X 4) : 
the distance from lamp (over the water surface) is 46 cm, and 
during the experiment, the lamps were continuously illuminated 
throughout day and night. Oamp: made by Hitachi Co. in Japan). 
of water ............ 6.5 - 5 
Food ....• Befme experiment, the concentration of Scenedesmus 
dimorphus was prepared, 6 )( 106 N/L 
fooculum numbers of offinis , , 300 N/800 
Aeratîon •. , , . 4 t1mes every day : the time of one time was 
30 minutes· at liters air per I minute. 
Un.der the conditions of above. the observation on the growth of 
affinis was begun. The term was hom Decernber 1965 to 
]anuary 12, 1966, 
Fig. ~ 0 shows relationship between the growth curve of Molna affirds 
m the ton box (water is 800 lit ers) and the growth curve of M oina 
affirds in the same food concentration at the flask's experiment (used 
OO m ~ water), 
F rom this figure, we wiH understand that the growth of A-f oina affînis 
are increased 1Nith heavy gradient from 6 th day (245 N/L) to l 0 th day, 
and it reach the maximum of growth in 12 th day with grn.dually grovv. 
The maximum number was 18 l And then after 14 th day to 18 th day, 
the individual numbers cf !Vloina offinis steeply decrease, 20 to 34 days 
from ~et the numbers of Molna affinis was usually within 150 to 340 N/L 
But, it seems tha.t after 20 days, more or less the number of !Vloina 
affinis is increasing, the :re2son perbaps will be presumed that the excretion 
of aff!nis influence upon the growth of Sceriedesmus dimorrphus, 
and the grov1th of ll/Joina affinis was stimulated again, as rnentioned 
before (see 1 l 1, 1, 5). Thi3 tendency aiso we can see in the fig. 8. 
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Fig. 10. Relationship between the gro\vth curve of Moina affins in the 1 
ton box anà the gro\vth curve of !Jfoina af finis in the sarne food 
concentration at the flask's experirnent. (1) - - shows the 
1 ton box, (2) -o- shows in the flask's. 
Meanwhile, fig, 1 O. (2) shows the growth curve of Moina affinis of 
the flask's experiment (see Table 6), which the same food concentration 
(Scenedesmus of 6 X 1 06 cells/L) as wèll as in the 1 ton box. 
H we compare with ( 1) and (2), it may be i-ecognized th.:i.t they 
have the same growth curve from set to 9 days, But, the maximum 
(2230 of (2) is higher than the maximum (1810 N/L) of CJ), and 
in ihe maximum, there is 400 numbers diHerence between (2) and (1 \ 
then the decrease curve of has the tendency as well as in the 1 ton 
box culture. 
Therefore it considered that the difference of capacity 
the condition of the same food concentration is influenced upon 
it is not dear whether it is due to 
bacteria or to wide space, itself of l ton box, 
This problem is inte:resting and important for the mass cuhug, but 
it will remain as the study in the future, 
Fig. 1 l sho'vVs the frequency cmve of were 
hatched from one female, and Fig. 12 shows the frequency cmve 
lVloirw affinis in the 1 ton box culture at the same each plot which 
was shown in fig. 1 O. 
From Fig. 1 l, we confirmed that the hatched larvae from the brood 
chamber of one female Molna affinis makes the difference in the indi-
vidi:rnl body length, but the difference 1s not less than possible for the 
decisîon of the growing group of Moina affinis. 
Theref.ore, according to pursue the mode in the figure, ù will be 
possible to read. the numbers of the generation of Molna affin{s. 
In this Fig. 12, it will recognize that frequency curves 
8 th, ~ 0 . l 2 th and 14 th day differ from the others. Namely, during the 
term, composition of body length of affinis a mode 
of range m 0.5 to 0.6 mm, and matter shows young 
(they haven't eggs) have a majority in the term. 
As the other side we knov1 that the growth curve of this 
term hom Fig, ~ 0 is increasing or reaching the maximum, 
(unmatme), 
B. ~ . 1 1010g1ca1 
if 1t 1s divided into 2 groups : 
Over 7 mm group 
, and also if see the 
matter as mentioned above, i t can be 
Under O. 7 mm group 
group which reached 
percentage (Table 
more and distinctly .. 
Table 7 shows the each pe:rcentage of unmature group mature 
group of affinis in the l ton culture. In ihis table, we can 
knovv unrnaîure group m 6 th, 8 10 th, 12 th and 1 
day are remarkably excellent more than (B) mature group, and the 
proportion is average 70 (66 ~ 76) % to 30 (24 ~ 34) % . 
Therefore, it may be concluded that the frequency curve which is 
seen on the 6 th, 8 th, 10 th, 12 th and 14 th days are observed only 
the increasing phase. 
And ahet the maximum the proportion of unmature to mature is 
reversed. The value of unmature is average 30 ~ 40 9/&. mature is average 
60 - 80 JÔ, of course, at that time, the number of individuals of Moina 
affinis is very lovv (see Fig. 10). 
10 
w 
" 
....... 
c 5 
-~ 
~ 
qj 
i:: 
__.g· 5 0 
'c-• 
"' 
~ 
0 
~ 
5 
l 
' 5 k 
:"' 
0 @5 l© mm 
oa leng ~ ., , . 
' 
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Fig. 12. The frequency curve of Moina ajfinis in the 1 ton box culture. 
g.c. line shows the growth curve of Mofoa afjinis. 
(A) shows unmature group. (B) shff\VS mature group, 
40 
Ti me p R PORTION ( ~l~ ) 
(days) (A) Unmature group Mature group 
4 59 41 
6 66 34 
8 76 24 
10 66 34 
n 73 27 
14 71 29 
16 55 45 
18 17 83 
20 43 57 
22 27 73 
24 42 58 
26 42 58 
28 57 43 
30 40 60 
Table 7. The proportion of unmaturc group to mature group (they 
have eggs) of JYioina afjinis in the 1 ton culture. 
ln this e:xperiment of mass culture, the term of maximum had been 
()nly 2 days, because primal food concentration is low and the food for 
Jl/loina affinis was not added dming the experim~nt. 
if we consider on the condition of mass culture, thjs point rn 
very important, and the term of maximum must be extended as long as 
possible by our invention though it has obtained lV/oina affinis o{64gj800 L 
And also, in the same time, it will conclude that the food concentrntion 
for the growth of Mo in a af finis must be added as mu ch as possible 
Hrnm Fig, 8), 
FISH 
for fish Cladocera as food, as mentioned in the introduction of 
report is very high. And it also approve from the fact that the nutritive 
value is high (Table 
Ge nus l\foisture 
Diapi:ornus 64. 17 
Daphnie 73.04 
Phrygania 
Venerupis 
Cmbicula. 
Table 8. 
Food 
Digestive 
urne 
90. 15 
Salmo 
and the digestive velocity is 
Dry 
matter 
35.83 
26.96 
9.85 
13.93 
17.92 
8 
Ash Pro. Carbo-tein. hydra.te 
3.34 7.23 22.33 1.56 
6.02 51 15.28 17 
1.20 0.86 
1.34 L48 
LOS L 
of natural 
Spleen Fish Shr- Insect lanr3.e meat im.p 
7 6 6 5 
Chi tin 
L37 
98 
Clado-
cera 
5 
Table 9. The veloLity of food in the stomacb, of Salmo ilideus 
(nünbo'W trout), (from T. Tomiyama, 1940). 
Besides, the digestive rate of Ciadocera is 80 - 85 '.}--~ (N, Nakai, 
1921 ), consequently, we can be conduded that the grnwth efficient of the 
lraval stage of fishes is higher than that of the other animals meat and 
~rtificial feed (T. Kariya, 1957 ; A. Shirota, 1959). 
V. SUM1V1ARY AND CONCLUSION 
In the studies on the life history and the culture of Moina affinis of 
Cladocern, we obtained î:he resuhs as follows. 
1. The ~ife History o{ Mairw affinis 
1) The eggs of Mo in a af finis are distinguished into 3 types : F emale 
eggs ( 94 - '94. 5Jh ). Male eggs are smaller than female eggs, and Resüng 
42 
eggs - 65 during the favorable environmental condition~ lt 
usua!ly has female eggs in the brood chamber by parthenogenesis. 
2) Eggs in the brood chamber hatch within 20 ~ 23 hours. 
3) Body Iength of just hatched larva is 0.43 - 47 mm. 
4) The hatched bava grows taking the food. Moina can take 
any kinds of partide, such as under 40µ (in diameter 10 ~ ] 5µ, ). 
5) Moina affinis reaches the Biological minimum in about 40 
after the hatching, the body length is 0, 7 mm. 
6) One female Molna affinls being parthenogenesis fost spawn at 
ü.85 mm, in 60 - 75 hours from hatching. 
7) Average individual number of hatched iarvae is 5 ~ l O. 
8) generat1011 of one female spawn average 5-6 times, the maximum 
1s 7 timés. 
9) One generation of Mo in a a{ finis spawn about 50 larvae. 
10) The average life of Moina af finis is nearly 13 days or 2 weeks, 
at that time, average body length of female 0.8-1.0mm, the maximum 1. 13rnm, 
male is 0.3 ~ 0.6 mm, the maximum 0.7 mm. 
1 l) Casting off of a A1oina af{inis 13 several times hom hatching 
die. 
hure Molna a{ finis 
12) Old cells of Scencdesmus dimorphus vvhich passed about 20 days 
or one mon th was used for }}foina af finis as food. 
13) When the Scenedesmus concentration was 36 X 106 cells/L, 
affinis reached the maximum of 8560 N/L,. and the number of 
had kept on the 7000 N/L for 5 days. 
14) But, the best condition is presumed that the maximum 
of !Vioina a{ finis is l l 000 ~ 12000 N/L, at that time, ScenedeMrws 
concentration will be to 70 ~ 90 X 106 cells/L (from 111, 3, Fig, 
15) In increasing phase, the proportion of 11.mmature to mature group 
rn 70% to 30,o..,;, and in the decreasing phase, the proportion ïS reverse, 
16) In the experiment of mass culture, it was obtained 64 g peI 800 
liters (80 g/ton) (total wet weight). But, in Hask's expeIÎment, it was 
obtained 0.38 g/L (380 g/ton), The large difference of both :results is seemd 
that it is due to the capacity of vessel and the management of environrnenL 
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